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Abstract 
Doping of MgB2 by Ti3SiC2 and its potential for improving the flux pinning were studied for MgB2(1-x)(Ti3SiC2)x with x = 0, 0.025, 
0.05, 0.075 and 0.1, respectively. These bulks were pressed at 20 - 50 MPa and heated to 650 - 950 ć for 1.5 - 3 h. It was found 
that optimal samples were obtained, which were pressed at 40 MPa and sintered at 850 ć for 2 h. The transition temperature (Tc) 
was measured on the optimal series samples using dc susceptibility and  a reduction of Tc from 38 K to 36 K was observed. The 
critical current density (Jc) which was deduced from the hysteresis loop was found to increase at doping levels x = 0.025 - 0.075. 
With a higher doping level x = 0.1, Jc was suppressed lower than that in the pure one due to non-superconducting precipitates 
collection at the grain boundaries.  
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1. Introduction 
It has been demonstrated that the critical current density (Jc) of MgB2 can be enhanced by introducing pinning 
centers [1-4]. Chemical doping is considered as a simple and readily scalable technique to introduce pinning centers 
and improve the superconducting performances. There are basically two kinds of doping effects that are substitution 
and addition effects [5]. For the substitution effect, the dopant will substitute into the B or the Mg crystal site. For the 
addition effect, the dopant will remain between the grains only, producing a substantial effect on the grain growth and 
grain connectivity, while also playing a role in grain boundary flux pinning. However, the two most crucial elements 
are needed to be satisfied to enhance MgB2 performance [6]. One is that the dopants are introduced in MgB2 matrix 
uniformly, the other is the intergrain connectivity is not depressed by the non-superconductive precipitations.  
Indeed, extensive researches have already been carried out on the effect of doping on Jc. Metallic elements, single 
phase C, borides, carbides, oxides, and organic compounds have been tried. A significant enhancement of Jc has been 
achieved by using carbon-containing binary compound [7], and this record is still kept now. Nevertheless, there are 
few results available in the literatures about the effects of solid ternary C-containing compounds doping in the MgB2 
on the superconducting properties.                                                                                       
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In this paper, Ti3SiC2 is used as the dopant, which not only provides C source for C substitution for B in the MgB2 
lattice, but also possibly produces more non-superconducting precipitates locating at MgB2 grain boundaries acting as 
the addition effect. The effects of Ti3SiC2 on phase compositions, microstructures, Tc and Jc are presented here. 
2. Experimental details 
The Ti3SiC2 doped MgB2 bulks were fabricated by a solid-state sintering method. The initial powders were Mg (~45 
ȝm), B (submicron, crystalline) and Ti3SiC2 (~18 ȝm). The powders were mixed according to the formula Mg: B: 
Ti3SiC2 = 1: 2(1-x): x, where x = 0, 0.025, 0.05, 0.075 and 0.1. The mixture was pressed under the pressure of 20, 40 
and 50 MPa into 2.5×5×30 mm3, respectively. They were sintered at 650 ć, 750 ć, 850 ć, 950 ć for 1.5 - 3 h.  
The phase composition was identified by X-ray diffraction (XRD) with Cu-KĮ radiation. The microstructure was 
observed by scanning electron microscope (SEM). The magnetization was measured using a dc superconducting 
quantum interference device (SQUID). In order to compare the physical properties of samples of different 
compositions, the samples were shaped to dimensions of 0.8 × 1.0 × 0.8 mm3. The Jc values of the samples were 
deduced from the hysteresis loops using the Bean model [8]:  Jc = 20¨M/(va(1-a/3b)) (a < b) where ¨M is the width of 
the hysteresis loop in emu; v is the volume of the sample in cm3; a and b are the sample dimensions perpendicular to 
the field direction in cm. 
3. Results and discussion 
The optimized temperature and pressure for the reaction are selected at first in order to study the influence of 
dopants on the critical current density and flux pinning of MgB2 .  
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Fig. 1. (a) XRD patterns of MgB2(1-x)(Ti3SiC2) (x = 0.025 and 0.075) heated at various temperatures for 2 h, (b) the (100) Bragg reflections for these 
samples, (c) doping level dependences of the intensity ratio of the (104) peak of Ti3SiC2 to the (101) peak of MgB2. 
 
Fig. 1(a) shows the XRD patterns of the bulks compacted at 50 MPa and heated from 650 ć to 950 ć for 2 h. For 
the samples sintered at 650 ć, the (100) peak of MgB2 has a neglectable shift towards higher angle compared with 
that of the pure one. This indicates that it is not successful to introduce C atom into the crystal structure. At higher 
sintering temperature, the (100) peak shows a gradual angle shifting with increasing temperature, while the actual C 
substitution level for B increases with increasing temperature. A large amount of MgB4 can be identified in samples 
sintered at 950 ć, although a positive shift is seen at this temperature. So sintering temperature at 850 ć is optimal 
for preparing the Ti3SiC2-doped MgB2 materials. For the doped samples, TiCy, TiB2, Mg2Si and unreacted Ti3SiC2 can 
be identified as impurities. Ti3SiC2 is a highly stable compound. Barsoum et al. [9] reported that it is stable up to at 
least 1700 ć in inert atmospheres and vacuum. Racault et al. [10] were first to report the decomposition of Ti3SiC2 
into TiCx and Si. However, sub-micron sized Ti3SiC2 powders are probably highly reactive when they are dispersed 
uniformly, which is referred to the report on SiC doping in MgB2 [11]. According to the above reports and Ti3SiC2 
crystal structure, it is speculated that the decomposed Si reacts with Mg to form Mg2Si. The dissociated TiCx releases 
atomic C, which can be easily incorporated into the lattice of MgB2 and substitute into B sites. The Ti atom from the 
decomposition of TiCx reacts with B atom to form TiB2 and leading to TiCy residue.  
Fig. 1(c) plots the computational data for the intensity ratio of the (104) peak of Ti3SiC2 to the  (101) peak of MgB2 
with different heating schedules under various pressures. The relative intensity keeps high when the bulks are pressed 
at 20 MPa. Specially, for the sample sintered at 850 ć for 3 h, the relative intensity becomes the highest due to the 
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formation of a large amount of MgB4, which has seriously reduced the amount of MgB2. With further increasing 
pressure, in the range of 40-50 MPa, a significant decrease in the relative intensity was observed. It implies that maybe 
more C substitute for B and/or more Ti3SiC2 are decomposed.  
From above results, the optimal samples are obtained, which are sintered at 850 ć for 2 h and pressed at 40 MPa. 
However, it is important to see if pinning centers are created as well. Therefore, in the following the pinning properties 
are investigated in these optimal MgB2 samples doped with various levels. 
    
Fig. 2. SEM images of the fractured cross-sections, (a) MgB1.9( Ti3SiC2)0.05, (b) MgB1.85( Ti3SiC2)0.075, (c) MgB1.8 (Ti3SiC2)0.1, (d) clustered unreacted 
Ti3SiC2 in MgB1.8 (Ti3SiC2)0.1. 
The SEM image of MgB1.9( Ti3SiC2)0.05 is shown in Fig. 2(a). It is difficult to distinguish between MgB2 phase and 
non-superconducting impurity phases. Fig. 2(b) shows the image of MgB1.85( Ti3SiC2)0.075. In the area marked as (1), 
small particles like beards which are possibly formed by the decomposition of Ti3SiC2 cluster together, which also 
occurs occasionally in other local area in this sample. Fig. 2(c) shows the image of MgB1.8 (Ti3SiC2)0.1. The 
microstructure of the area marked as (1) is the same as that of area marked as (1) in Fig. 2(b). The area of white big 
particles marked as (2) is magnified as shown in Fig. 2(d). The laminated hexagonal structure are considered as a 
characteristic of Ti3SiC2. when x = 0.1, it is speculated that the decomposition products of Ti3SiC2 and unreacted 
Ti3SiC2 are observed to cluster together, which seems to explain the change in the current-carrying ability. 
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Fig. 3. (a) Normalized ȤDC graph for bulk MgB2 samples with various additives,  (b) magnetic field dependence of the critical current density Jc at 
20 K for samples MgB2(1-x)(Ti3SiC2)x, where x = 0 - 0.1, respectively. 
Fig. 3(a) depicts the normalized susceptibility versus temperature Ȥ(T) plots in an applied field of 10 Oe. The Tc 
(mid-point transition) of MgB2 is 38 K and decreases gradually with increasing the Ti3SiC2 content. MgB1.8 
(Ti3SiC2)0.1 still exhibits a sharp superconducting transition at 36 K. Decreases in Tc below that in pure one are 
attributed to the presence of impurities [12]. Moreover, the presence of compositional inhomogeneities in the heavily 
doped sample also reduce Tc. 
The dependence of Jc on the applied magnetic field is shown in Fig. 3(b). Of these, MgB1.9( Ti3SiC2)0.05 is the most 
potent, with an obvious increase in Jc(B) performance. It can be seen that the Jc of this sample is found to be 1.9 × 105 
A/cm2 as compared to 4.7 × 104 A/cm2 for the pure one at 3 T. Also, it can be observed that the low field Jc of sample 
(x = 0.075) is as high as that of the pure sample, but with further increasing applied magnetic field, the decrease of Jc 
becomes slower for the doped sample. The C substitution for B is responsible for the enhancement in Jc, while extra 
defects, containing the non-superconducting precipitates composed of the decomposition products of Ti3SiC2 and 
Ti3SiC2 itself, which remain at MgB2 grain boundaries acting as addition effect are maybe responsible for flux pinning. 
On the other hand, a higher doping level (x = 0.1) results in degradation in Jc. This is attributable to the fact that the 
introduced defects can not be given to ensuring that they are uniformly distributed and incorporated into the lattice, 
although C atom from Ti3SiC2 substitutes for B in the MgB2 lattice. The effective transport of intergrain supercurrents 
are prevented by the impurities clusters between MgB2 grains observed in Fig. 2(c). 
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4. Conclusions: 
In this paper, Ti3SiC2 is used as the C source for doping in MgB2. The optimal series samples are pressed at 40 MPa 
and sintered at 850 ć for 2 h. A systematic decrease in transition temperature (Tc) is observed with increasing amount 
of dopant. Large increases in the Jc of bulk samples are achieved by the addition of Ti3SiC2 when x = 0.025 - 0.075. 
The sample (x = 0.1) is found to be degradation in Jc with inhomogeneously distributed impurities as compared to the 
samples (x = 0.025 - 0.075) with uniformly dispersed non-superconductors. 
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